The fat embolism syndrome is a self limiting disease with its mortality related to the degree of respiratory failure. Treatment therefore is directed at maintaining satisfactory pulmonary gas exchange throughout the course of the disease.
INTRODUCTION
Fat embolism is present in all patients with long bone and pelvic fractures. However, only 1-2 % of these patients develop an illness known as the fat embolism syndrome (Sevitt 1962) . The syndrome is characterized by an asymptomatic period, tachycardia, tachypnoea, pyrexia, restlessness, disorientation, petechiae, hypoxia and pulmonary alveolar and interstitial opacities on chest X-Ray (Weisz 1974) . Hypocalcaemia, elevated serum lipase, a sudden fall in haemoglobin, thrombocytopenia and fat globules in the sputum, urine or blood may also be found, although they have also been described in conditions unrelated to fat embolism syndrome (Ross 1970) .
The pathophysiology responsible for the syndrome is not completely understood. It has been suggested that venous aspiration of lipid from damaged marrow (Gauss 1924) , free fatty acid mobilization from adipose tissue (Kerstell 1971 ) , or aggregation of chylomicrons (Tedeschi, WaIter and Tedeschi 1968) , may be responsible for the embolic fat. The pulmonary microvascular injury is thought to occur during hydrolysis of the fat, liberating high concentrations of free fatty acids near the endothelial wall (Peltier 1956 ). However, other mechanisms such as activation of proteolytic enzymes, intravascular coagulation, or vasoactive substances produced by platelet, fat, fibrin or cellular aggregates may also play a role (Weisz 1974, Herndon, Risenborough and Fisher 197 I ) .
Therapy based upon these proposed underlying mechanisms using heparin, alcohol, glucose, clofibrate or u-blockers to reduce or disperse the fat globules, or steroids, albumin, dextran or Trasylol to reduce the endothelial damage has not yet convincingly reduced mortality (Cole 1974 , Editorial 1978 .
As the fat embolism syndrome is a self limiting disease and its mortality is related to the degree of respiratory failure, treatment with intermittent positive pressure ventilation (I.P.P.V.) and positive end expiratory pressure (P.E.E.P.) has been suggested, endeavouring to maintain the lungs as a gas exchanging organ throughout the course of the disease. Although I.P.P.V. and P.E.E.P. are not without hazard, this approach has reduced the mortality associated with the fat embolism syndrome (Murray and Racz 1974) .
We report 28 consecutive cases of the fat embolism syndrome treated with oxygen, diuretics and sodium restnctlOn without mortality. Initially all patients were allowed to Anae.\tlie.\ia ant! Intellsire Care, Vol. vu, No. 2, lHa)" 1979 breathe spontaneously, although one patient later required I.P.P.V.
PATIENTS AND METHODS
The diagnosis of fat embolism syndrome was considered in all patients with pelvic and long bone fractures who developed sudden respiratory distress and deterioration in state of consciousness 12 hours to 6 days after injury. Patients with cerebral or thoracic trauma, alcohol or drug withdrawal, aspiration, fluid excess or cardiac failure as assessed clinically and on examination of fluid balance records, were excluded to ensure that the only condition being treated was the fat embolism syndrome.
A definitive diagnosis was made in the presence of an arterial PO~ of less than 50 mmHg (breathing air), development of pulmonary interstitial and alveolar opacities after a normal chest X-rayon admission, tachycardia more than 110 beats/min, tachypnoea more than 30 breaths/min and pyrexia of more than 38 deg. C. Subconjunctival, subcutaneous and retinal petechiae or deterioration in state of consciousness unresponsive to improvement in arterial PO~ (assessed by a change in grade of consciousness after oxygen administration (Teasdale and J ennett 1974) ) confirmed the diagnosis.
. All patients were resuscitated during rhe fIrSt 24 hours in hospital with Stable Plasma Protein Solution (S.P.P.S.) (Total Protein 50 gm/I, Albumin 86%, Globulin 14%, Na+ 130-150mmol/I,K+ 4-6 mmol/I, Ca++ 1.5-2.5 mmol/I), whole blood and variable amounts of crystalloid solution. The long bone fractures were immobilized by traction or internal fixation in the case of a fractured femur and externally with plaster for all other long 'bone fractures. P~in relief was provided by morphine 10-15 mg Intramuscularly four hourly. Five patients with femoral fractures had 10-15 ml 0.5% bupivacaine injected 6-8 hourly into the femoral sheath when opiate medication was considered undesirable for accurate neurologial assessment. Chlorpromazine 50-100 mg ~ntramuscularly eight hourly and diazepam 5 mg Intravenously two hourly were also used to treat excessive agitation and restlessness after exclusion of hypoxia. When the diagnosis of fat embolism syndrome was established patients were admitted to the Intensive Care Unit to monitor pulse, respiratory rate, and blood pressure half hourly and state of consciousness, temperature and urine output hourly. Arterial gas analysis (A.G.A.) was performed on admIssion, four hours later and thereafter as indicated. Blood fo~ the A.G.A. was collected anaerobically, USIng a heparinized glass syringe which was placed in ice until analyzed (Instrumentation Laboratory Inc. pH blood gas analyzer, 313, temperature corrected). Daily haemoglobin and serum calcium, albumin, sodium and creatinine levels were estimated from venous blood (Technicon S.M.A. 6/60 Auto analyzer).
Therapy consisted of oxygen delivered at 8 I/min using a Hudson mask (no. 1049 Hudson Oxygen Sales Co. California); frusemide 80 mg intravenously, with 40 mg repeated at 8-12 hours (endeavouring to produce a negative fluid balance of at least ?ne litre in the first 24 hours), then 40 mg Intravenously daily for two days. A single dose of aminophylline 250 mg intravenously was administered initially, if bronchospasm was present. Fluid therapy consisted of 500-1000 I?I 5 % dext!ose intravenously and up to one lItre orally If the total fluid output was no greater than It litres/day. If the haemoglobin was le~s than 10 gm/ 100 ml packed red cells were given at a maximum rate of 2 units/day. All conscious patients received a no added salt diet.
The therapeutic aim was to produce a progressive increase in arterial PO·, or to maintain it above 50 mmHg whilst b~eathing oxygen. Values of less than 50 mmHg were tolerated only if an improvement occurred in four hours. All patients were allowed to breathe spontaneously with mechanical ventilation being introduced if the PaCO~ was more than 50 mmHg or if the PaO~ was less than 50 mmHg with no improvement after four hours.
RESULTS
During a four year period from 1974 to 1977 inclusive, 28 patients (21 male, 7 female, age 2~.7 ± 7.7 years (mean ± SD)) were dIagnosed as having only the fat embolism syndrome.
The asymptomatic period was 36.8 ± 22 hours, during which all patients had been resuscitated with S.P.P.S. 710 ± 340 ml and whole blood 2200 ± 720 ml. The serum calcium was 2.16 ± 0.14 mmol/l (N 2.2-2.5 mmol/I) , albumin 39.1 ± 4.0 g/I (N 33-45 g/I) and haemoglobin 11.4 ± 1.7 g/ 1 00 ml.
Twenty-three patients had petechiae.
Nineteen patients had an altered state 111 consciousness; two were dccerebrate, six were confused and agitated, three were confused and drowsy and eight were drowsy but orientated in time and place. Table I shows the arterial PO~, PCO~ and pH, negative fluid balance, pulse, respiratory rate and temperature, on admission to the Intensive Care Unit (taken as time 0), four hours, 24 hours, 36 hours, 48 hours and at discharge. The change in arterial PO~ during 0, 4 and 24 hours showed three patterns. Four patients had an initial decline in PaO~ during the first four hours followed by a rise (Fig. I  (a) ). Five patients had an initial rise then fall ( Fig. I (b) ). The remaining patients showed a progressive rise in PaO~ during the 24 hour period ( Fig. I (c) ). 1 n the latter group eight patients had an initial PaO~ below 50 mmHg (lowest 36 mmHg), all of which showed a progressive improvement at four hours and 24 hours and did not require I.P.P.V. One patient (Fig. I (c) X) was ventilated for four days following the development of hypercapnoea after four hours of spontaneous ventilation (PaCO:! 56 mmHg). A linear correlation could not be demonstrated between the degree of diuresis and change in PaO~. However, during the first four hours there was a significant correlation (P < 0.0 I) bctween alteration in PaO~ and pulse (Fig. 2) .
The average duration of stay in thc I ntcnsivc Care Unit was 4.2 ± 2.2 days. Artcrial gas analysis on discharge (breathing air) PO~ 66.6 ± 6.5 mmHg, PCO~ 39.8 ± 3.8 mmHg, pH 7.48 ± 0.03. All patients showed minor interstitial and alveolar opacities on chest X-rayon discharge although respiratory rate, pulse rate and temperature were essentially normal (Table I) . Throughout their stay all patients had a serum Na above 130 mmol/I and creatinine less than 0.14 mmol/l. All patients, three months following discharge from hospital had no clinical evidence of neurological deficit.
DISCUSSION
The difficulties of categorizing and assessing results of therapy 111 patients with acute respiratory failure are well known. Bone ( 1978) recently stressed the need for comparative multicentre studies to evaluate newer forms of therapy 111 adult respiratory distress syndromes and stated that differences in survival figures may be due to variations in d' c: , 24 (a) 4 patients who showed an initial fall in PaO" at 4 hours then a rise at 24 hours. (b) 5 patients who showed an initial rise in PaO. at 4 hours then a rise at 24 hours. (c) 19 patients who showed a progressive rise in PaO" at 4 hours and 24 hours. Patient X required I.P.P.V. at 4 hours. than the group described here, but under these circumstances comparison of a prospective and retrospective group is not valid. . However, the blood gas data reveals the severity of the syndrome in these patients, and the absence of mortality or morbidity compares favourably with reported mortality figures in other series of 15-30% (Baker 1976 , Pazell and Peltier 1972 , Benatar, Fergusson and Goldschind 1972 , Thomas and Ay jar 1972 , Dines, Lincheid and Didier 1972 .
Conventional therapy for patients with acute respiratory failure involves oxygen administration, I.P.P.V. and P.E.E.P. (Pontoppidan, Geffin and Lowenstein 1973) . However, these procedures are not without hazard. Oxygen (W oIfe and de Vries 1975) . Increase in pulmonary vascular resistance, extravascular lung water and intracranial pressure; pneumothorax, decrease in cardiac output, and even reduced arterial PO~ may occur with I.P.P.V. (Fleming and Bowen 1972) or P.E.E.P. (Wayne 1976 , Powers et al. 1973 , Apuzzo et al. 1977 . Since the fundamental aim is to provide adequate tissue oxygenation, then the level of functional circulating red blood cells and cardiac output as well as haemoglobin saturation should also be considered (Bunn 1973 , Nunn 1969 . A combination of these factors may provide satisfactory oxygen delivery even in the face of severe hypoxaemia. Respiratory failure produced by fat embohsm is due largely to pulmonary oedema generated by an increased permeability of the pulmonary microvascular bed (Robin, Cross and Zelis 1973) . The degree of oedema also depends upon the vascular and interstitial (transmural) hydrostatic and oncotic pressures, the presence of surfactant, and pulmonary lymphatic drainage (Starling 1896 , Staub 1974 . Treatment therefore is aimed at modifying these factors, to promote movement of the excess fluid from the extravascular to the vascular compartment. Transmural oncotic pressure may change with hyperoncotic albumin infusion, provided the microvascular permeability is not impaired to a degree where albumin leaves the vascular compartment, a situation difficult to exclude clinically (Marty 1974) . Pulmonary capillary permeability (Anderson et al. 1977) and in animals surfactant (Dc Lemos et al. 1970 ) may be improved with steroids. However, in adults there is little evidence to suggest ~hat clinically significant alteration can be achieved in either transmural oncotic pressure, lymphatic drainage, surfactant or microvascular permeability, although transmural hydrostatic pressure can be readily changed to benefit pulmonary oedema (Robin, Cross and Zelis 1973 ) .
Normally the net effect of forces acting across the microvascular endothelium produces an outward shift of fluid which is balanced by lymphatic drainage. When capillary permeability is increased the outward shift is enhanced, particularly in the presence of an elevated left atrial pressure (Staub 1974) . The transmural pressure gradient is responsible for hydrostatic fluid movement, and therefore measurement of left atrial pressure may be of limited value in its assessment. This gradient is the difference between the intravascular and interstitial hydrostatic pressure. For alveolar vessels the interstitial pressure is the same as alveolar pressure (West 1974) . For extra alveolar vessels the interstitial pressure is less than alveolar, becoming increasingly more negative, relative to alveolar pressure, with increase in lung volume (West 1974) .
In spontaneously breathing patients left atrial transmural pressure increases with inspiration (Lichtenstein et al. 1975) , although left atrial pressure in relation to alveolar pressure decreases. This effect is marked in patients with low pulmonary compliance (i.e. pulmonary oedema) reducing the outward alveolar vessel hydrostatic component producing a fluid shift. Furthermore when compliance is decreased, spontaneous ventIlation occurs with a reduced lung volume. This reduces the net outflow of fluid from the extra alveolar vessels following the reduction in interstitial pressure.
Although pulmonary vascular transmural pressures are the same with spontaneous ventilation as they are with I.P.P.V. and P.E.E.P. it is the associated increase in lung volume with mechanical ventilation (and decrease in extra alveolar interstitial pressure (Butler et al. 1977) ) along with reduction in pulmonary lymph drainage (Woolverton, Brigham and Stant 1973) which produces the increase in pulmonary fluid. None the less patients with left ventricular failure and 1I1creased pulmonary capillary permeability with pulmonary oedema, who are unable to improve tissue oxygen delivery by increasing cardiac output, I.P.P.V. and P.E.E.P. have value. The fluid shift at the alveolar capillary interface and the reduction in airway closure with rapid improvement of pulmonary gas exchange is to the patient's immediate advantage. The duration of the disease however must be increased as spontaneous ventilation can only occur when the ventricular failure and the defect of vascular permeability have improved enough to remove the excess fluid, some of which has been generated by mechanical ventilation.
If oxygen delivery to tissues can be maintained and there is no ventilatory failure, spontaneous ventilation is to be preferred in the management of pulmonary oedema. Close observation and monitoring of the patient is mandatory where there is significant hypoxia.
Diuretic therapy with frusemide assists the removal of oedema fluid in three ways. Initially there is an increase in venous capacitance, with reduction in left atrial pressure, which promotes fluid movement into the pulmonary vascular compartment. This change precedes the diuresis (Dikshit et al. 1973 ). In animals frusemide increases pulmonary lymphatic drainage (Szwed, Kleit and Hamburger 1972) . When the diuresis is established pulmonary intravascular hyd.rostatic pressure is further reduced by red~ctlO.n in intravascular volume, a change WhICh IS maintained by salt restriction. If the reduction in intravascular volume is excessive then cardiac output may also be reduced particularly if right ventricular failure is present, magnifying the presence of pulmonary shunt (Ayres et al. 1973) .
The diuresis ~hould therefore be gradual, not only to minimize its effect upon cardiac output but also to allow time for movement and equilibration of pulmonary oedema fluid. The latter may require some days to be complete (Kostuk et al. 1973) . Using this regimen significant hypotension, hyponatraemia, or renal failure did not occur in our patients.
The improvement in patients did not follow statistically predictable patterns relating to the diuresis (Fig. 1) , reflecting the widespread alterations of haemodynamics and pulmonary functions associated with this disease. There was however a significant correlation in pulse rate and improvement in Pa02 which may have reflected a reduction in cardiac output as hypoxaemia improved (Fig. 2) . Respiratory rate showed no significant correlation and may have been influenced by interstitial oedema stimulation of J and C receptors (Paintal 1970) as well as hypoxaemia. The overall improvement in pulse, respiratory rate and temperature throughout the patients' stay in Intensive Care reflected the trend of improvement in Pa02 and thus pulmonary gas exchange (Table 1) .
Therapy with oxygen, diuretics and salt restriction and the preference for spontaneous ventilation, in the absence of ventilatory failure, in this group of patients was without comolication or mortality. We would thus reinforce the view of Murray and Racz, that in the fat embolism syndrome it is pulmonary oedema rhat should be treated, not "fat" or "embolism" (Murray and Racz 1974) .
